OBJECTIVES: The standard surgical treatment for patients with non-small-cell lung cancer (NSCLC) is lobectomy with systematic nodal dissection (SND). Lobe-specific patterns of nodal metastases have been recognized, and lobe-specific SND (L-SND) has been reported. We performed L-SND depending on patient-related factors, such as age or the presence of diabetes or respiratory dysfunction, or in the context of specific tumour-related factors, such as the presence of a tumour with a wide area of ground-glass opacity. RESULTS: There were no significant differences in morbidity or blood loss between patients undergoing SND or L-SND, but there was a significant difference in the mean operative times. The 5-year disease-free survival (5-DFS) and 5-year overall survival (5-OS) of patients in Group C were 100%. Although the patients in Group B showed no significant difference in 5-DFS and 5-OS compared with Group A, patients in Group B had significantly more initial recurrence of mediastinal node cancer than did the Group A patients (P = 0.0050).
INTRODUCTION
The standard surgical treatment for patients with non-small-cell lung cancer (NSCLC) is lobectomy or pneumonectomy with systematic nodal dissection (SND) [1] [2] [3] . SND has been reported to be important for survival as well as for disease staging [2, 3] . However, the effect of SND on patient prognosis remains controversial.
Lobe-specific patterns of nodal metastases are now recognized owing to the increased analysis of the lymph node metastatic pathway [4, 5] . Some reports [4] [5] [6] have stated that right upper lobe tumours and left upper segment tumours tend to metastasize to the superior mediastinum, but rarely metastasize to the subcarinal nodes without concomitant metastasis to the hilar or superior mediastinal nodes. In addition, Okada et al. [5] reported that lower lobe tumours seldom metastasize to the superior mediastinal nodes without concomitant metastasis to the hilar or subcarinal nodes. Considering the results of the lobespecific patterns of nodal metastases, the strategy of nodal dissection has been changing. As a result, lobe-specific SND (L-SND) has been developed [6] [7] [8] [9] .
PATIENTS AND METHODS
Between September 2002 and December 2008, 358 consecutive patients underwent lobectomy for clinical and intraoperative N0 NSCLC at Shizuoka Cancer Center Hospital. An intraoperative identification of disease was based on the surgeon's impressions or an intraoperative histological examination, or both. None of the patients received neoadjuvant therapy. Patients with multiple primary lung cancers (n = 3) or positive pleural lavage cytology (n = 12) were excluded. Complete resection was defined as cancer-free surgical margins, determined both grossly and histologically; 8 patients had incomplete resections. The remaining 335 eligible patients were investigated in this study. the operation to estimate the extent of ground-glass opacity (GGO) by thin-section helical CT scans, with 1-mm collimation. We suspected that large lymph nodes (>10 mm in the shortest axis) were positive for metastasis in the CT scans. Enhanced magnetic resonance imaging and 2- [18] -fluoro-2-deoxy-D-glucose ( 18 F-FDG) positron emission tomography (PET) of the brain were routinely used for staging resectable tumours. We categorized lymph nodes according to the International Association for the Study of Lung Cancer (IASLC) map [10] . Disease stages were determined on the basis of the 7th TNM classification [11] .
Lobe-specific systematic nodal dissection (Groups B and C)
The standard surgical treatment for NSCLC is lobectomy with SND [12] , and it was performed on the 206 patients who were not at severe risk (Group A). We performed L-SND for 98 patients due to the presence of patient-related risk factors (Group B). These risk factors included advanced age and severe diabetes, respiratory dysfunction or cardiovascular disease (Table 1) . On the other hand, we also performed intentional L-SND for 31 patients due to the presence of tumour-related factors (Group C). The tumour-related factors included the presence of a tumour with a maximum diameter of consolidation as a proportion of the maximum tumour diameter (consolidation/ tumour ratio, C/T ratio) of <0.5, indicating a tumour with a wide area of GGO [13, 14] , without strong uptake on FDG-PET (maximum standardized uptake value [SUV max ] <2.5), and the elevation of serum tumour markers. Data collection and analyses were approved by the institutional review board in 2009.
Surgical technique
In the SND group, lobe resection was combined with a radical systematic en bloc mediastinal lymph node dissection, as described by IASLC [12] . In the L-SND groups, lymph node dissection was performed on the basis of lobe-specific lymph node metastasis patterns. When the tumour was located in the right upper lobe, the upper mediastinal lymph nodes (upper and lower paratracheal nodes) and hilar lymph nodes were systematically removed. When the tumour was located in the left upper lobe, the aortopulmonary window nodes, aortic nodes, tracheobronchial nodes and hilar lymph nodes were systemically removed. In these cases, dissection of the lower mediastinum was not performed when the nodes in the hilum and the upper mediastinum or aortic nodes were free from metastases, as shown by intraoperative diagnosis. Intraoperative frozen section analyses were performed when lymph node metastases were suspected of being positive. On the other hand, when the tumour was located in a lower lobe, the subcarinal, lower mediastinal nodes and hilar lymph nodes were dissected; dissection of the superior mediastinum was omitted when the intraoperative diagnosis was negative.
Survival analysis
The length of overall survival (OS) was defined as the interval between the date of the surgical intervention and death due to any cause or the last follow-up visit. Observations were censored at the last follow-up when the patients were alive or subsequently lost to follow-up. The date of recurrence was defined either as the date on which histological proof of recurrent cancer was obtained or as the date on which positive clinicoradiological findings were obtained. The length of the recurrence-free period was calculated from the date of surgical intervention to the initial recurrence or the last follow-up visit. For the calculation of disease-free survival (DFS), patients who died without recurrence or who were known to not have recurrence on the date of their last contact were censored.
Statistical analysis
The cumulative OS and recurrence-free survival rates were estimated using the Kaplan-Meier method. Comparisons between groups were performed using the log-rank test. The analyses were performed with the JMP statistical software (version 9, SAS Institute, Cary, NC, USA).
RESULTS
Patient characteristics (Group A and B) are summarized in Table 2 . The median follow-up time was 60 (range, 36-110) months. Table 3 presents the comparison of patients undergoing SND and L-SND with respect to their morbidities, operative times and blood losses. There was no significant difference in morbidity (P = 0.1328). The level of arrhythmia in SND patients was greater than that in patients undergoing L-SND, but the difference was not significant (P = 0.0817). The operative time in patients who underwent L-SND was shorter than that for patients undergoing SND (P = 0.0005). None of the patients died within 30 days of surgery.
Groups A and B
The 98 patients who underwent L-SND (Group B) were chosen for that procedure because of the presence of patient-related risk factors. Understandably, these patients had more risk factors than did the patients in Group A. Patients in Group B were significantly older (P < 0.0001) and had significantly lower 1-s forced expiratory volumes. On the other hand, these two groups of patients did not demonstrate any significant differences in tumour-related factors, such as their histological factors, carcinoembryonic antigen (CEA) levels or tumour sizes. In addition, there were no significant differences in the patients' pathological N factor ( Table 2 ). The 5-year disease-free survival rates (5-DFS) in Groups A and B were 77.7 and 76.4% (P = 0.6067), respectively (Fig. 1A) . The 5-year overall survival (OS) rates in Groups A and B were 89.7 and 86.6% (P = 0.5259), respectively (Fig. 1B ).
Group C
Thirty-one patients underwent L-SND because of the presence of specific tumour-related factors ( Table 4 ). The median tumour size was 20 (range 10-40) mm. The SUV on 18 F-FDG PET was 1.43 (range 0.88-2.25). These patients had a mean serum CEA level of 1.8 (range 0.6-7.3) mg/dl, and all had N0 disease. Both the 5-DFS and the 5-OS rates in Group C patients were 100%.
Recurrence patterns
The recurrence patterns of the three groups are presented in Table 5 . There was a significant difference in the initial recurrence of mediastinal node disease between Groups A and B (P = 0.0050). Eleven patients in both groups had initial recurrence in the mediastinal node; 7 (63.6%) of them had not only recurrences of mediastinal node, but also distant metastasis. Four patients, from both groups, had initial recurrence only in the mediastinal node (Table 6 ). All patients with metastasis in the mediastinal node underwent radiation therapy, followed by chemotherapy. One patient died of brain metastasis 10 years after surgery. The duration from initial recurrence to secondary recurrence was 11-44 months.
DISCUSSION
The standard surgical treatment for patients with NSCLC is lobectomy or pneumonectomy, with SND. However, the effect of mediastinal lymph node removal on survival is controversial. To date, a number of prospective studies for the assessment of SND have been performed. Previous reports [15] [16] [17] of randomized trials comparing SND with sampling have yielded inconsistent results, leaving the question of whether or not SND improves survival unresolved. Lymph node assessment by SND is also important for the accurate staging of NSCLC. Even peripheral small lung cancers of <2 cm show hilar and mediastinal node metastases with an incidence of >20% [9, 18] . In addition, N2 lung cancer, without N1 involvement, has an incidence of 27-38% [19] [20] [21] . If patients do not undergo SND, their evaluation is less complete than if the mediastinal node is evaluated. Recently, several studies [22, 23] have also reported that patient prognosis improves if they receive adjuvant chemotherapy. For example, meta-analysis showed that cisplatin-based chemotherapy significantly improved the survival of patients with NSCLC [23] . If the assessment of the mediastinal lymph node is not accurate, the patients who require adjuvant chemotherapy may not be correctly diagnosed and may not receive timely, appropriate treatment.
On the other hand, several investigators [4] [5] [6] have reported the identification of distinct patterns of metastatic spread through the lymphatic system, which are dependent on the location of the primary tumours. Asamura et al. [4] reported that tumours of the right lower lobe, with superior mediastinal metastasis, were associated with a particularly poor 5-year survival rate of 4.1%. Aokage et al. [6] reported that upper lobe tumours, with subcarinal metastasis, were also associated with a poor 5-year survival of 9.1%. Studies of dissection-SND have reported the examination of metastatic lymphatic spread and its prognosis [6] [7] [8] [9] . However, there have only been two reports comparing L-SND with SND [7, 8] (Table 7) . Okada et al. [7] performed SND in 377 patients between 1985 and 1996 and L-SND in 358 patients between 1997 and 2002 and reported that L-SND for Stage I NSCLC was as effective as SND. They also reported that morbidity of the patients undergoing L-SND was less than that of those undergoing SND. In addition, the pattern of recurrence was not significantly different between the two groups. Ishiguro et al. [8] compared L-SND for resectable NSCLC with SND, using propensity scores. They reported that L-SND did not worsen the survival of patients with NSCLC. However, they did not investigate tumour recurrence. Thus, neither of the two previous reports demonstrated a significant difference in either the 5-DFS or the 5-OS between SND and L-SND.
In this study, patients who underwent SND experienced a longer operative time than did those who underwent L-SND. A previous report [7] also stated that patients undergoing L-SND demonstrated significantly less morbidity than did those undergoing SND. SND may cause injury to the bronchial artery, recurrent nerve, thoracic duct or lymphatic flow, resulting in ischaemic changes [24] as well as hoarseness or chylothorax. In order to avoid such injuries, we performed palliative L-SND on certain patients after considering their relevant risk factors. Even for such high-risk patients, palliative L-SND did not significantly affect patient survival compared with SND, raising our confidence that L-SND is effective, depending on patient-related factors. This is important, as high-risk patients do not receive adjuvant chemotherapy, even if they have pathological N2 tumours.
The investigation of mediastinal node tumour recurrence is very interesting. Three patients had initial recurrence of mediastinal node disease after SND, whereas 8 experienced mediastinal node recurrence after L-SND. However, 7 (63.6%) of the 11 patients not only had recurrence in the mediastinal node, but also demonstrated distant metastases. Four patients with SND had recurrence in mediastinal nodes only. Disease recurrence only in the mediastinal node occurred in 1 patient with SND and in 3 who underwent L-SND. From these results, lobectomy with SND appears to be the most effective treatment. The recurrence of mediastinal node tumours after L-SND or SND also indicated that the disease spreads systemically because 3 patients experienced secondary disease recurrence after radiation therapy for the initial recurrence of mediastinal node disease.
Minimally invasive surgery has been investigated for the treatment of thoracic malignancies. Some reports have promoted approaches that involve less of the pulmonary parenchyma, such as segmentectomy or wedge resection, for small lesions or those with GGO [12] . In our department, we do not perform limited surgery for patients with GGO lesions, but conduct lobectomies because of the size or location of the tumours. Metastatic nodes were uncommon in the patients in this study, and we performed lobectomies with sampling or intentional L-SND. The 5-DFS of patients undergoing L-SND due to tumour-related factors in this study was 100%. In these patients, L-SND may be overly invasive and sampling may have been proper. There have been few reported comparisons of L-SND and SND, and randomized trials to compare these procedures have not been conducted. However, considering the previous reports on lymphatic spread, we believe that L-SND has already been established as an appropriate surgical treatment. In previous reports comparing L-SND with SND, L-SND has not resulted in poorer survival compared with SND [8, 9] . Although L-SND in high-risk patients did not have a significant effect on survival compared with SND, we paid close attention to the possibility of recurrence in patients undergoing L-SND.
CONCLUSION
The level of recurrence of mediastinal node disease in patients undergoing L-SND was significantly higher than that for those undergoing SND. 
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Systematic nodal dissection (SND) was defined in 1996 in an international and multidisciplinary consensus meeting sponsored by the International Association for the Study of Lung Cancer (IASLC) [1] . At that time, two standards were accepted for clinical practice: the ideal, that is, the en bloc removal of all the mediastinal fatty tissue and nodes followed by hilar and intrapulmonary nodal dissection; and the alternative, the removal of at least three mediastinal nodes, always including the subcarinal nodal station, and three hilar and intrapulmonary nodes. This alternative was intended for those who were not used to intraoperative nodal staging as an initial step that would lead them to the ideal standard. Nine years later, the Staging Committee of the IASLC proposed definitions for complete, incomplete and uncertain resections in lung cancer surgery [2] . By that time, clinical studies had provided consistent information on lymphatic spread, depending on the lobar location of the primary tumour [3, 4] . These studies allowed the refinement of the alternative to SND, assigning specific mediastinal nodal stations to be explored depending on the lobar location of the primary tumour. This lobe-specific SND (L-SND) was accepted to qualify a lung resection as complete, provided there was no evidence of residual tumour, because, at least in the context of multicentre studies, survival after a less-thorough nodal dissection was not affected compared with that associated with SND [5] . This has been confirmed by the results of a recent trial, showing that there are no significant differences in long-term survival between those patients with clinical T1 and T2 N0 or non-hilar N1 tumours undergoing a thorough lymph node sampling and those undergoing complete mediastinal dissection, although this may not apply to more advanced disease [6] . The article by Maniwa et al. [7] published in this issue reports the results on survival and recurrence in patients with clinical and intraoperative N0 non-small-cell lung cancer who had undergone lobectomy and either SND or L-SND. The authors had two reasons to indicate L-SND: patient-related factors, such as age and co-morbidity, and tumour-related ones, such as partsolid tumours with a small area of consolidation resulting in a consolidation/tumour ratio of <0.5. After a median follow-up of 60 months, in the latter group, there were no recurrences, and overall 5-year and disease-free survival were 100%. When the remaining two groups of patients who underwent SND and L-SND were compared, the former were significantly younger and had better lung function tests, but were otherwise similar. Their postoperative complication rates were similar, as were their 5-year overall and disease-free survival rates, and overall recurrence rate. The only statistically significant differences were the shorter operative time (a mean difference of 29 min) and the higher recurrence rate at mediastinal nodes for L-SND. There are several issues that are worth mentioning.
First, Maniwa et al. have shown that the complication rates associated with SND and L-SND were similar, but we do not know if the complication rate would have been worse if those patients with associated comorbidity had undergone SND. The only significant benefit of L-SND was a shorter operative time, but one wonders if a mean reduction of less than half an hour brings any real benefit to these patients. Therefore, the indication to perform L-SND based on comorbidity is questionable. Others have proved that complete mediastinal dissection and systematic sampling have similar complication and mortality rates [8] .
Secondly, although overall, disease-free survival and overall recurrence rates of SND and L-SND are similar, the initial mediastinal nodal recurrence is significantly higher in L-SND. These recurrences imply new tests, cause anxiety and disappointment to patients thought to have undergone a presumed complete resection and require additional therapy. This has to be balanced against the scarce potential benefit of L-SND. When performing L-SND, some nodes are removed and others are not, based on mere statistics, and statistics are useless for the individual patient. The fact is that one is never sure of the nodal status until the pathologist studies the nodes, and to do so they must be removed. It is clear from this study that more involved nodes remained in the mediastinum when L-SND was performed, and that the intraoperative assessment, either by macroscopic assessment or by frozen sections, failed in 45 (15%)-25 pN1 and 20 pN2-of 304 patients who were thought to have clinical and intraoperative N0 diseases. It also failed to identify multinodal disease in 3 of the 4 patients with only mediastinal nodal recurrence.
Thirdly, lobectomy was the resection of choice for those patients with part-solid lesions, a consolidation/tumour ratio <0.5, low uptake on positron emission tomography and low carcinoembryonic antigen. Although the tendency today is to perform sublobar resections for these preinvasive or minimally invasive tumours, local recurrences have been reported after sublobar resections for these early tumours when the follow-up is extended beyond 5 years [9] . The results from this study also show that, for this selected group of tumours, L-SND is an adequate intraoperative nodal assessment: there were no cases with mediastinal nodal involvement, recurrence or death from cancer. Although the tumours in this subgroup seem to be early adenocarcinomas, it would have been important to specify their histological types according to their proposed revised classification [10] .
And fourthly, even if some of our surgical manoeuvres do not alter the survival curves of patient cohorts, this does not mean that they do not affect the individual patients. We treat individual patients, not cohorts, and we should offer the best care to our patients. The 4% increase in N2 rate found after complete mediastinal lymphadenectomy following systematic sampling did not alter the survival curves of both groups in the ASOCOG Z0030 trial, but must have helped in making decisions on postoperative treatment and to refine the postoperative prognosis of those individual patients [6] . In the study by Maniwa et al., SND might have prevented mediastinal recurrence (or, more precisely, mediastinal progression of disease left in unremoved mediastinal lymph nodes).
Maniwa et al. are to be commended for bringing this issue to our attention. They are cautious in their conclusion, which is more a one-sentence summary of their results than a proper conclusion. What I have learnt after reading and reflecting on their experience is that it is better for our patients if nodes are not left behind.
